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BEDS AND BOTTOM FOR BEDS 
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******* 
PRELIMINARY AMENDMENT 



Honorable Director for Patents 
Washington, D.C. 20231 



Washington, D.C. 
March 1, 2002 



Sir: 

Concurrently with the U.S. national phase filing of this application, 
please amend this application as follows: 
IN THE CLAIMS : 

Amend claims 9, 11, 12, 14, 15, 20, 23, 32 and 33 as follows. A 
marked-up copy of these claims showing changes made therein is 
attached. 

9. (Amended) An actuator according to claim 1, characterized in 
that the two outer rings are made as two parts, and wherein the faces of 
the parts directed toward each other are formed with a pattern of 
male/female parts engaging each other. 

11. (Amended) An actuator according to claim 1, characterized in 
that the ends of the toothed rims facing each other are formed with 
cooperating stepped arrangements (79), expediently as a single step, in 



that the toothed rims have an internal step at one end and an external 
step at the other end. 

12. (Amended) An actuator according to claim 1, characterized in 
that the two outer rings (49, 50) and the intermediate ring are provided 
with their respective arms (11, 12) for connection with the movable part 
and the stationary part, respectively, of the structure in which they are to 
be incorporated, wherein the arm of the two outer rings is preferably of a 
plate member mounted on the outer end of the external outer ring, and 
wherein the arm of the other outer ring is likewise preferably formed by a 
plate, wherein the toothed rim itself is provided as a sintered metal insert 
inserted into a recess in the plate material. 

14. (Amended) An actuator according to claim 1, characterized in 
that it is made or essentially made of sintered metal. 

15. (Amended) An actuator according to claim 1, characterized in 
that the motor (20) and the transmission (21) are in-line with the 
planetary gear, i.e. the pull shaft of the motor and the power take-off of 
the transmission are in extension of the sun wheel of the planetary gear. 

20. (Amended) An actuator according to claim 18, characterized 
in that the planetary gear is positioned against the end of the tube and 
secured to it. 

23. (Amended) An actuator according to claim 19, characterized 
in that the end of the tube opposite the actuator is provided with a 
mounting bracket corresponding to the mounting bracket on the outer 
ring of the planetary gear. 



32. (Amended) An actuator according to claim 28, characterized 
in that the coupling force is adjustable for controlled return of the 



33. (Amended) An actuator according to claim 18, characterized 
in that the power supply and the control electronics are incorporated in 
the tube, preferably in a cabinet (70) constructed for insertion into the 
tube end opposite the actuator. 

REMARKS 

By this Preliminary Amendment claims 9, 11, 12, 14, 15, 20, 23, 32 

I* and 33 have been made dependent on only one preceding claim. Entry is 

O 

O requested. 
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VERSION WITH MARKINGS TO SHOW CHANGES 
MADE TO CLAIMS 

PCT/DKOO/00484 

9. (Amended) An actuator according to claim 1,[2 or 3,] 

characterized in that the two outer rings are made as two parts, and 

wherein the faces of the parts directed toward each other are formed with 

a pattern of male/female parts engaging each other. 

11. (Amended) An actuator according to [one of claims 1-5] 
claim 1 , characterized in that the ends of the toothed rims facing each 
other are formed with cooperating stepped arrangements (79), 
expediently as a single step, in that the toothed rims have an internal 
step at one end and an external step at the other end. 

12. (Amended) An actuator according to [one of claims 1-6] 
claim 1 , characterized in that the two outer rings (49, 50) and the 
intermediate ring are provided with their respective arms (11, 12) for 
connection with the movable part and the stationary part, respectively, of 
the structure in which they are to be incorporated, wherein the arm of the 
two outer rings is preferably of a plate member mounted on the outer end 
of the external outer ring, and wherein the arm of the other outer ring is 
likewise preferably formed by a plate, wherein the toothed rim itself is 
provided as a sintered metal insert inserted into a recess in the plate 
material. 

14, (Amended) An actuator according to [any one of the 
preceding claims] claim 1 , characterized in that it is made or essentially 
made of sintered metal. 



15. (Amended) An actuator according to [any one of claims 1-14] 
claim 1 , characterized in that the motor (20) and the transmission (21) 
are in-line with the planetary gear, i.e. the pull shaft of the motor and the 
power take-off of the transmission are in extension of the sun wheel of 
the planetary gear. 

20. (Amended) An actuator according to claim 18 [or 19], 
characterized in that the planetary gear is positioned against the end of 
the tube and secured to it. 

23. (Amended) An actuator according to claim 19 [or 20], 
characterized in that the end of the tube opposite the actuator is provided 
with a mounting bracket corresponding to the mounting bracket on the 
outer ring of the planetary gear. 

32. (Amended) An actuator according to claim 28 [or 29], 
characterized in that the coupling force is adjustable for controlled return 
of the actuator. 

33. (Amended) An actuator according to claim 18 [or 19], 
characterized in that the power supply and the control electronics are 
incorporated in the tube, preferably in a cabinet (70) constructed for 
insertion into the tube end opposite the actuator. 
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Rotary actuator, especially for adjustable furnitur, 
including beds and bottom for beds 



The present invention relates to a rotary actuator, in 
particular for adjustable articles of furniture, includ- 
ing beds or mattress supports, for incorporation in a 
structure for adjustment of an element in it, e.g. ad- 
justment of a backrest section and/or legrest section in 
a bed or mattress support. V 

On beds, no matter whether they are hospital beds or care 
beds or mattress supports for domestic use having an 
adjustable head end and typically also an adjustable foot 
end, it is common that the adjustment is carried out by 
means of linear actuators. An example of a hospital bed 
is found in EP 498 111 to J. Nesbit Evans (the name has 
been changed to Huntleigh Technology Pic) , and an example 
of an actuator is found in EP 577 541 to Linak A/S. A 
special embodiment for separate mattress supports is seen 
in DE 38 42 078 to Niko (the name has been changed to 
OKIN) . The actuators require much space, which is a 
drawback particularly in beds and mattress supports for 
domestic use. It applies to hospital beds that these have 
to be washed from time to time, which takes place at a 
temperature of 65 °C in washing machines intended for the 
purpose. This makes special demands on the electrical ad- 
justment mechanisms and the associated control equipment. 
These must inter alia be water-tight. 

WO 99/40820 to Recticel discloses another example of an 
adjustment mechanism in which a tube shaft is rotated by 
means of a motor arranged at the end thereof. The struc- 
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ture has not been realized because of problems with the 
drive unit. 

WO 92/20548 to Linvent AB discloses a drive of the above- 
5 mentioned type. This drive, which is based on a planetary- 
gear structure, is particularly intended for front seats 
in cars, said drive serving as a mounting bracket for the 
backrest at one side and to adjust the inclination of the 
backrest . 

10 

In summary, the requirements to be raet-^ by adjustment 
mechanisms for beds are that they must have a relatively- 
great strength, and that at the same time they must be 
compact and comparatively noiseless as well as easy to 
15 mount. In addition, they must be capable of being con-' 
structed as a low volt structure. Further, the price must 
be low. 

The object of - the invention is to provide a rotary actua- 
20 tor of the type mentioned in the opening paragraph which 
is capable of satisfying these different requirements. 
Also, it must be possible to manufacture the actuator at 
production costs which at least do not give a consider- 
ably higher* price than the operationally reliable and 
25 well-tested linear actuators. 

This is achieved according to the invention by a rotary 
actuator as defined in claim 1. It is hereby possible to 
use the -same motor type as in linear actuators, i.e. a 
30 low volt motor having a relatively high number of revolu- 
tions which is reduced in the subsequent transmission. 
The planetary gear itself can be made relatively small 
and yet be able to transfer great forces, as the two 
outer rings distribute the forces more eve * * y in the gear 
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and also support the planet wheels and the intermediate 
ring . 

By providing the planetary gear with the number of teeth 
5 stated in claims 2-7 a high transmission reduction is 
achieved, and also a good transfer of forces may be 
achieved by shaping the planet wheels such that over 
their entire length they engage the toothed rims. It also 
simplifies the manufacture when the planet wheels have 
10 the same cross-section over the entire length. With the 
concretely stated number of teeth, a transmission of 
1:53.2 is achieved. The central arrangement of the sun 
wheel has a stabilizing effect and also contributes to a 
good distribution of forces. 

15 

The two outer rings may be connected in various ways, 
e.g. with a combination of bolts and spacers, fishplates 
or integration in a tube member. Expediently, however, 
they are provided in or as a common housing which may 
20 readily be designed such that the mounting bracket may be 
secured on the end thereof. This gives an evident possi- 
bility of constructing the actuator such that it may be 
mounted at the end of a tube. 

25 The actuator will readily be able to transfer the occur- 
ring forces if the planetary gear is made of machine 
steel and is tempered, but the manufacturing costs will 
be so high that the price per se will be an obstacle to 
the use of the actuator in furniture structures. 

30 

When, according to the invention, the planetary gear is 
made of sintered metal, a more reasonable production 
price may be achieved. The two outer rings may be made as 
two parts, each having a width, calculated in the longi- 
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tudinal direction of the toothed rims, which is attrac- 
tive for sintered metal manufacture, there being an upper 
limit to the height of the parts during pressing. 

5 The two outer rings may be made as two halves which are 
assembled to a unit. Alternatively, two identical outer 
parts with an intermediate spacer, which also provides 
the opening for the mounting bracket of the intermediate 
ring. When the faces of the parts directed toward each 
10 other are formed with a pattern of male/female parts, 
these are secured against mutual rotation when they are 
clamped together. The splitting also makes it easier to 
manufacture the parts of sintered metal. 

15 When, according to the invention, the parts with the two 
outer rings are made of plastics and the toothed rims 
themselves as an insert of sintered metal, a further re- 
duction in the manufacturing costs may be achieved. It is 
hereby possible to make a single part of plastics with 

20 recesses for the toothed rims. To retain the toothed rims 
in the plastics part, the connection is provided as a 
splined connection so that the toothed rims may be in- 
serted from the ends. 

25 When, according to the invention, the ends of the toothed 
rims facing each other and the intermediate ring are 
formed with cooperating stepped arrangements, a good mu- 
tual control of these is achieved. The stepped arrange- 
ments are expediently made as a single step in that the 

30 toothed rims have an internal step at one end and an ex- 
ternal-step at the opposite end. The part will hereby 
have the same height throughout, which is advantageous 
for sintering. 



f 



WO 01/17401 PCT/DK00/00484 



In an embodiment, the planet wheels are made of sintered 
metal and carried by a steel shaft. In that case, how- 
ever, it has been found advantageous to provide the 
planet wheels with a bearing bushing. The planet wheels 
5 are relatively long and border on what is possible with 
sintered metal. A better accuracy is achieved by making 
the planet wheels as two halves and assembling these on 
the shaft. 



- 
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10 In an embodiment of the actuator according to the inven- 
tion, the mounting brackets of the two outer rings and 
the intermediate ring are formed as arms for connection 
with the movable part and the stationary part, respec- 
tively, of the structure in which they are to be incorpo- 
15 rated. Expediently, the arm of the outer rings is formed 
by plate material, mounted on a free end of one of the 
two outer rings. The arm of the intermediate ring is 
p likewise expediently formed by a plate, the actual 

^ toothed rim beinc formed as an insert inserted into a re- 

P 

|y 20 cess in the plate material. In terms of costs , this is 
less expensive than making the intermediate ring and the 
arm as an integrated unit of sintered metal. A special 
structure consists of two relatively thin plates with 
flared edges and hole rim and assembled with the plane 

25 sides against each other. The flared hole rim simulta- 
neously 'serves as a good guide for the insert of sintered 
metal. In the pressing, the flared hole rim may be formed 
with a spline for the fixing of the insert, which is 
formed with a corresponding spline. If the conditions of 

30 load- permit; the arm may also be made of plastics, op- 
tionally with a single embedded metal plate as a support. 
For reasons of strength, however, it has beer, found expe- 
dient to make the arm of a stack of punched metal plates, 
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preferably three. Another option is to make the arm of a 
thick laser-cut plate. 

It will be appreciated that the actuator may be con* 
5 structed such that the outer rings are fixed in the 
structure in which the actuator is to be incorporated, 
while the intermediate ring drives the movable element in 
the structure. The actuator may also be constructed con- 
versely, so that the intermediate ring is fixed, while 
10 the outer rings drive the movable element. 

V 

According to the invention, the actuator is driven by an 
electric motor. This is typically a low volt motor ac- 
cording to the power current regulation, i.e. below 42.4 

15 volts. A step-down transmission is typically interposed 
between the motor and the furniture drive, as the motor 
usually has a high number of revolutions. The motor and 
the transmission are expediently secured to a free end of 
one of the two outer rings, preferably so that the motor, 

20 the transmission and the outer rings are arranged on a 
common axis. This structure makes the actuator suitable 
for mounting at the end of a tube, e.g. so that the outer 
rings and the intermediate ring are disposed externally 
of the tube *end, while the transmission and the motor are 

25 disposed inside the tube. However, the actuator. may also 
be constructed such that also the outer rings and the in- 
termediate » ring are disposed completely inside the tube. 
The mounting bracket of the intermediate ring is then 
constructed as a carrier in engagement with the tube. 

30 This- internal arrangement provides a good possibility of 
achieving a moisture- or wa"cer-tight structure. 

When, according to the invention, the motor is provided 
with radially protruding legs of an elastic material, 



f 



WO 01/17401 PCT/DK00/00484 



10 



preferably in the form of a belt with protruding legs 
which are pushed inwardly over the motor, said legs being 
intended for cooperation with the inner side of the tube 
into which the motor is inserted, a simple and vibration- 
damping support of the motor is achieved. 

The subclaims define additional expedient structures of 
the actuator, and the advantages of these will appear 
from the description of the embodiment of the invention. 

V 

The invention will be explained more fully below with 
reference to the embodiment illustrated in the accompany- 
ing drawing. In the drawing: 

15 Fig. 1 shows a mattress support intended to be placed or 
incorporated in a bed, 

fig. 2 shows a rotary actuator in its entirety, 

20 fig. 3 shows a longitudinal section through the drive 
unit of the actuator, 

fig. 4 shows a lateral view of the motor with the two 
first links "in the transmission, 

25 

fig. 5 stiows a cross-section of fig. 4 through worm/bevel 
wheels seen inwards toward crone wheel, 

fig. 6 shows a longitudinal section through the end of 
30 the tube with power supply and control electronics, 

fig. 7 shows a longitudinal section through another em- 
bodiment of the rotary actuator according to the inven- 
tion, 
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fig. 8 shows a section along the line VIII-VTII in fig. 
"7 , 



5 fig. 9 shows a perspective view of the actuator in fig. 7 
from the motor end, 



fig. 10 shows a longitudinal section through end stop 
switches, 

10 

fig. 11 shows" a longitudinal section through another em- 
bodiment of the end stop switches, 

fig. 12 shows a perspective view of a bed with another 
15 embodiment of the rotary actuator according to the inven- 
tion, 

fig. 13 shows a longitudinal section through the outer 
part of the drive of the actuator, 

20 

fig. 14 shows a cross-section along the line XIV-XIV in 
fig. 13, 

fig. 15 shews an exploded view of parts of the outer 
25 planetary gear, 

fig. 16a shows a perspective view of a part for the 
drive, 

30 fig.- 16b shows the same as fig. 16a, but seen from the 
other end, and 

fig. 17 shows an exploded view of parts for the drive. 
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The mattress support shown in fig. 1 comprises an outer 
frame 1 which includes a mattress support portion con- 
sisting of a pivotable backrest part 2, a fixed central 
part 3 and a legrest part 4 which is articulated. The 
5 central part 3 is fixedly mounted on the sides of the 
outer frame 1. 

The backrest part 2 is pivotable about a shaft 5 secured 
at the sides of the outer frame 1, and correspondingly 

10 the legrest part is pivotable about a shaft 6. Both the 
backrest part" 2 and the legrest part 3 ma} be adjusted by 
a rotary actuator 7, as shown in fig. 2. The rotary ac- 
tuator comprises an extruded aluminium tube 10 of square 
cross-section, at whose one end there is a drive unit 

15 with a driven arm 11. An arm 12 is secured at each end of 
the tube 10, and, at the end with the drive unit, the arm 
is secured to the outer side thereof. At the backrest 
part 2, the arm is equipped with a wheel 13 which is 
guided in a guide rail 14 secured to the backrest part. 

20 The tube 10 is rotatably mounted about its longitudinal 
axis in a bracker 15 secured at each side of the outer 
frame 1. As the other arm 11 of the actuator is fixed, 
the tube 10 and the arms 12 secured on the end thereof 
will rotate 'when the actuator is activated. The arms 12 

25 will hereby raise or lower the backrest part,- as this 
will pivot about its shaft 5. The legrest part is raised 
or lowered* in a corresponding manner, as the ends of the 
arms 12a on the actuator 7b of the legrest part are ro- 
tatably secured to a bracket on the outermost link 4a of 

30 the -legrest - part . Activation of the actuator will cause 
the legrest part 4 to be raised or lowered, as rhe arm 
12b will cause the innermost link 4b to rotate about the 
shaft 6 through a raising and rotating movement of the 
outermost: link 4a of the legrest part. 
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As will appear from fig. 3, the drive unit consists of an 
electric motor 20, a transmission 21 consisting of three 
links 22, 23, 24 and finally a specially constructed 
5 planetary gear 25 with the arms 11, 12. The two first 
transmission stages 22, 23 are integrated in the front 
cover of the motor. The first stage is a worm gear where 
the worm 2 6 is provided in an extension of the motor 
shaft. The end of the worm is guided in a sliding bearing 

10 27 in a bracket 28. The worm drives two pairs of worm 
wheels 29 arranged on their respective sities of it. The 
worm wheels are moulded integrally with a bevel wheel 30. 
Worm/bevel wheels 29, 30 are mounted on a shaft 31 which 
is arranged in a bracket 32 on the from: cover. The worm 

15 wheels drive a crown wheel 33 mounted on the end of the 
bracket 28, which is formed as a journal 34. The crown 
wheel is moulded integrally with a sun wheel 35, and the 
unit is secured on the journal by a locking washer. All 
the gear wheels are moulded of plastics material, while 

20 the worm is of steel. 

The two first transmission steps 22, 23 are contained in 
a first chamber 36 in a housing 37 with an intermediate 
wall 38 to * a second chamber 39. The outer end of the 
2 5 crown wheel extends through a bore 41 in the intermediate 
wall 38: The housing as a whole is secured on the front 
cover 42 of the motor by snap lock connections in the 
form of snap locking legs 43 on the cover which engage 
mating recesses 44 in the side wall of the housing. 

30 

The third stage 24 in the transmission is formed by an 
ordinary planetary gear, where the sun wheel is formed by 
the sun wheel 35 on the crown wheel of the preceding 
link. The sun wheel engages a planet wheel 45, which is 
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in turn in engagement with an internal toothing 46 in the 
housing . 

The next member is the outer planetary gear 25 consisting 
5 of a plastics housing 4 7 with an opening 4 8 for the arm 
11. The housing accommodates two outer rings 4 9 secured 
against rotation in the housing through a splined connec- 
tion. A free rotatable intermediate ring 50 is arranged 
between the two outer rings 49. The rings are made of 

10 sintered metal, and on the edges facing . each other they 
have a stepped arrangement 79 for controlling the inter- 
mediate ring. The arm 11 is made of three joined steel 
plates in which a hole has been punched for the interme- 
diate ring 50. The intermediate ring and the arm are 

15 likewise connected in a non-rotatable manner through a 
splined connection. The outer rings 49 have an internal 
toothing with 41 teeth and the intermediate ring 50 an 
internal toothing with 45 teeth. Four planet wheels are 
engaged with the rings 4 9, 50 and have the same toothing 

20 over the entire length, viz. 16 teeth. The planet wheels 
are made of sintered metal and with a bushing of plastics 
mounted on a steel shaft and assembled on a steel ring at 
each end. The planet wheels 51 are engaged with a sun 
wheel 54 likewise of sintered metal and positioned cen- 

25 trally in the planetary gear to achieve as even a distri- 
bution of the forces therein as possible. The sun wheel 
is welded on a short steel shaft 55, and a solid cylinder 
member 56, likewise of sintered metal and having a tooth- 
ing, is -welded on the other end thereof. The planetary 

30 gear is connected with the preceding transmission 24 in 
that the cylinder member 56 is received m a non-ro- 
tatable manner in a well 57 integrated with the planet 
wheels in the transmission 24. The sun wheel 54 is kept 
in position by the bottom of a well 65 on ar. intermediate 
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cover 66, which also retains the external outer ring 49a. 
The entire plastics housing 47 is terminated by an end 
cover 67 provided at the end of the arm 12a. The cover 
part 67 of the arm accommodates a bearing bushing 88 for 
5 attachment to the bracket 15 on the bed frame. 

The outer planetary gear 2 5 is secured on the other part 
of the drive by a collar 59 on the housing 37. This col- 
lar also keeps the internal outer ring 49b in position. 
10 The collar is secured by a snap lock 60 in the plastics 
housing 47 of the planetary gear. - 

It will thus be appreciated that the entire drive with 
motor, transmission and outer planetary gear constitutes 

15 a unit which is secured by screws 61 on the end of the 
aluminium tube 10, the screws being screwed into screw 
channels 62 at the internal corners of the aluminium 
tube. In the present case, an intermediate member 63 is 
interposed between the alurrdnium tube 10 and the plastics 

20 housing 47, As will appear, for fixing purposes, the 
plastics housing 47 has a neck 64 which fits the end of 
the intermediate member 63. 

With reference to fig. 6, a cabinet 70 is inserted at the 
25 other end of the tube 10, said cabinet having . a cross- 
section ' which marches the internal cross-section of the 
tube. The 1 cabinet consists of a lower part 71 with a 
cover and is divided mtc two compartments 72, 73, one 
containing the transformer 74, the other containing the 
30 control electronics 75. The end of the cabinet has a 
protruding edge 7 6 for engagement with the end of the 
tube. The whole is secured by the arm 12b, whose end is 
formed as a cover 77 secured by screws which are seated 
in the screw channels of zhe tube. The cover part 77 of 
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the arm accommodates a shaft bushing 78 for attachment of 
the tube in the bed frame. 

Fig. 7 of the drawing shows a slightly different embodi- 
5 ment of the rotary actuator according to the invention, 
and the same reference numerals as in the foregoing are 
used for the same parts. The embodiment essentially dif- 
fers in that the transmission between the motor 20 and 
the outer planetary gear 25 is formed by a gear train 

10 consisting of three planetary gears 80, 81, 82, the motor 
shaft being provided with a sun wheel 8^ in the first 
planetary gear. Otherwise, the planetary gears conven- 
tionally have sun wheels, planet wheels and an internally 
toothed rim. The toothed rims are here provided in the 

15 common housing. Also like before, the sun wheel in the 
outer planetary gear is coupled to the planet wheels in 
the last planetary gear 82. 

The sun wheel 83 on the motor shaft, which is made of a 
20 relatively soft plastics material for reasons of noise, 
is moulded on a metal bushing with a knurling, carriers 
or the like for non-rotational mounting. This results in 
a better attachment on the motor shaft and also causes 
the heat to* be conducted more effectively away from the 
25 plastics wheel, otherwise the soft plastics required for 
noise reduction could not be used. 

For noise reduction, the gear train is of plastics. To 
achieve the desired gearing and to achieve a noise reduc- 
30 tion* as great as possible, it has been found expedient 
with the following gearings in the gear trains, where the 
first link has a gearing of about 1:6.8, the second link 
a gearing of about 1:5.8, and the third link a gearing of 
about 1:3.7, i.e. a total gearing of abour 1:145. 
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To reduce the noise from the motor and to avoid the 
situation that this strikes against the inner side of the 
tube 10, the free end of the motor 20 inside the tube is 
5 fixed by a support 90 of rubber, cf. fig. 9. The support 
consists of a ring 91 which is pushed inwardly over the 
end of the motor housing. The ring has four blocks 92 
which, with a concave surface, are engaged with and are 
fixed against the screw channels in the corners of the 
10 tube. Rearwardly, the support has a ring 93 which engages 
the rear side of the motor. The two rings^90, 93 are kept 
together by four straps 94. 

Reference is now made to figs. 9 and 10. For controlling 

15 the end positions of the actuator, the side of the hous- 
ing 37 with the transmission has secured thereon a hous- 
ing 100 having two end stop switches 101, 102 operated by 
a longitudinally slidable pin 103, which is spring-loaded 
by a coil spring 104 to a neutral position. The pin has a 

20 hole 105 which accommodates a rocker arm 106 in which a 
leaf spring 107 is mounted, said leaf spring engaging a 
push-button on the end stop switches 101, 102. The inner- 
most end 108 of the pin engages a cam face on the edge of 
a cam 109. This cam is secured to the side of the arm 11. 

25 It is indicated in fig. 3 that on each side of- the part 
of the arm 11 that accommodates the intermediate ring 50, 
two bearirig rings are inserted into the housing 47, one 
of which bearing rings may be shaped as the cam, or it 
may be a- separate element. At one end position the pin is 

30 moved to the right by the cam, causing the arm to press 
the leaf spring down on the switch 102 to the right and 
to activate it, At the other end position, the spring 
moves the prn tc the left, causing the left-hand switch 
101 tc be activated. Therebetween, the pin is in a' neu- 



WO 01/17401 



PCT/DKOO/00484 



15 

tral position. The switches activate the control circuit 
to interrupt the current to the motor. The fraction of 
lag in the actuator contributes to ensuring that the cam 
does not run back so that, the pin does not prematurely 
5 release its contact with the face concerned on the cam. A 
slightly different embodiment is shown in fig. 11, where 
the spring 104 is mounted in a recess in the housing 47, 
and the leaf spring is replaced by a double rocker arm 
110. 

10 

If the actuator does not posses the necessary self-block- 
ing capacity for the arm to maintain the position con- 
cerned when the motor is switched off, then the actuator 
may be provided with a brake spring 120 in the form of a 

15 coil spring which, with a plurality of windings, here 
four, is wound around a cylindrical element 121 secured 
to the well 57 which connects the transmission with the 
outer planetary gear 25. One end of the spring is fixed 
in the housing. The braking force of the spring is ad- 

20 justed so that it presents no or almost no resistance 
when the actuator is activated to raise the backrest part 
2 or the legrest part 4 of the mattress support portion. 
When the current to the motor is interrupted, the spring 
will exert a sufficient braking force to keep the back- 

25 rest part 2 or legrest part 4 in the given position. For 
lowering, the motor must merely use relatively modest en- 
ergy to overcome the braking force. 

Reference is now made to figs. 1, 2 and in particular 9. 
30 The ' actuators for the backrest part 2 and the legrest 
part 4 are positioned in the mattress support so that the 
arm 11 is on a straight line, which is possible in that 
the arms 11, 12 are symmetrical about their longitudinal 
axes. The arm is rctatably connected with a "-profile 130 
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by a bolt 131, said arm resting with one edge on the bot- 
tom of the U-profile. The other end of the U-profile 130 
is slidably mounted in a tube 132 of quadrangular cross- 
section. This tube 132 connects the arms 11 of the two 
5 actuators with each other. When e.g. the backrest part 
actuator is activated, the torque will be accommodated in 
this connecting tube 132. If anything gets jammed between 
e.g. the backrest part 2 and the bed frame 1, the 
backrest part will stand still and the arm 11 will 

10 instead begin to rotate relative to the U-profile 130 and 
pull it outwards in the tube 132. The U-profile may be 
mounted loosely in the tube, or there may be a through 
bolt which is positioned through a slot either in the 
side wall of the tube or in the U-profile, so zhat the 

15 profiles cannot be pulled apart by accident. When the 
backrest part stands still, the user will quickly realize 
that something has got jammed and will -be able to stop 
the actuator. To remove the object which is stuck, it may 
be expedient -to move the backrest part slightly upwards. 

20 The same applies to the legrest part. 

It is noted that the drawings of the actuator are sub- 
stantially in the order of 1:1. 

25 Figs. 12-17 of the drawing show another embodiment of the 
actuator according to the invention where the drive unit 
is arranged entirely within the tube. The motor and the 
transmission are not shown in the figure, which just 
shows the outermost part with the outer planetary gear 

30 25. 'The same reference numerals are used for "he same 
components. Here too, the two outer rings 4 9 are mounted 
in a housing 47, which is here a cylindrical steel hous- 
ing, and correspondingly to rhe previous example the in- 
termediate ring 50 is mounted between the tv: outer 
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rings. The mounting bracket of the intermediate ring 50 
is here shaped as a carrier 140 in the form of a fin in 
engagement with the inner side of the iube in engagement 
between two screw channels 62a, 62b, The planetary gear 
5 is centered in the tube with two bearing rings 141a, 
141b. One bearing ring 141b is provided with snap locking 
legs for coupling the two rings together. The end of the 
tube is likewise closed by a cover part 67 of the arm 12. 
The cover part here has an internal tube part 142 which 

10 is positioned over another tube part 143. on a cap 144. 
The two tube~parts are mutually secured by snap locking 
means 145 and are additionally mutually non-rotatably 
fixed via a toothed connection 146. The cap 144 is pro- 
vided with snap locking legs and is secured at the end of 

15 the ring 141b. For the sake of illustration, however, the 
cap is shown in figs. 16a, 16b in a slightly other em- 
bodiment than the one shown in fig. 13. 

The actuator is also provided with an emergency lowering 
20 device or quick release device based on a coupling spring 
148 mounted on a cylindrical part 147 of the cap. The 
coupling spring 148 is mounted at its ends in incisions 
14 9 in a cylindrical wall 163 on the intermediate cover 
56, in which a connecting element 56 is additionally ar- 
25 ranged. This ring engages the ring on ^he end cover 163 
by a toothing. For the sake of good order it is noted 
that the structure of this in fig. 17 is slightly differ- 
ent from the one shown in fig. 13. The cylindrical tube 
part 143 - accommodates a tube shaft 151 connected with a 
30 bracket 152 - for mounting on the bed frame with screws. A 
stem 154 extends through a central hole 153 in the 
bracket and is screwed into a hole in :he intermediate 
cover 56 with its innermost end, while the other end of 
the steir. 154 extends beyond the side of "ne bed frame and 
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is provided with a pull ring 157. A coil spring 158, 
which keeps the intermediate cover 56 " in position, is 
provided around the stem 154. In ordinary operation, the 
outer rings 4 9 stand still, while the intermediate ring 
5 50 moves and, via the carrier 140, rotates the tube and 
rhereby the arm 12 to raise and lower the backrest part 2 
or the legrest part 4 of the mattress support. 

Furthermore, a jamming protection arrangement is provided 
in the actuator in that the edge of the housing 47 and 
the rim * of the intermediate cover 156 h*ve cooperating 
carrier teeth 160, When the backrest part 2 or the leg- 
rest part 4 is raised, the teeth with axial or approxi- 
mately axial faces are in mutual engagement. When the 
backrest part 2 or the legrest part is lowered, the teeth 
tread on each other with an inclined face. If anything 
gets jammed, the teeth will ride on each other, and the 
intermediate cover 56 will be urged away against the 
spring force which keeps the two sets of teeth in engage- 
ment. By the sound of the two sets of teeth riding on 
each other, and because of the circumstance that the 
backrest part or the legrest part stands still, the user 
will realize that something has got jammed. Like before, 
the part is' moved slightly upwards to facilitate removal 
of the jammed object. 

The emergency lowering arrangement operates as follows: 
In case of an emergency situation where the backrest part 
2 or the, legrest part 4 is to be lowered, the stem 154 is 
30 pulled out, -thereby causing the coupling spring 148 to be 
tightened. Normally, the ends of the spring are seated in 
the wide part of the incisions 14 9 in which a cam face 
159 is provided such that the more the stem is pulled, 
the greater the coupling force is. This results in a' con- 
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trolled lowering of the backrest part 2 or the legrest 
part 4. For better understanding of the quick release 
function and the jamming protection, some parts of the 
structure are shown in fig. 17. It is noted that these 
5 correspond to fig. 14 in terms of function, but the cy- 
lindrical part on the intermediate cover 56 is here 
shaped as a ring 161 which accommodates an insert 150, 
again connected non-rotatably with a toothed connection. 
The tube shaft 151 is here screwed into the insert 150 

10 with the threads 164. The coupling spring. 148 is loose on 
the cylindrical part 147 of the cap in normal operation, 
i.e. there is no rotational connection with the outer 
ring 49 via the ring 161 of the intermediate cover. When 
the stem 154 is pulled, the intermediate cover 50 is dis- 

15 engaged from the housing 47, and the coupling spring 148 
is tightened to firmly grip the cylindrical part 147 on 
the cap 144. Via the frame, the arm 12 will now be free 
to rotate down to the starting position. It is intended 
that it must take a certain weight to rotate the arm 

20 downwards. The size of the weight may be determined by 
the diameter of the spring, which is obtainable in jumps 
of ranges down to 1/10 mm. 

As will readily be appreciated, this embodiment of the 
25 rotary actuator is extremely easy to make watertight. 
This can be done solely with the O-rings 170, 171 and the 
gasket 172 i This embodiment of the actuator, which is wa- 
tertight (I?66), and which has jamming protection and 
controlled emergency lowering, is thus suitable for hos- 
30 pita-1 beds. 

It will be appreciated that the invention may be realized 
in other connections than beds or mattress supports, and 
it will also be appreciated that the invention may be im- 
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plemented in various embodiments. The rotary actuator is 
expediently constructed as an independent component in- 
tended for direct incorporation in a furniture structure, 
which should here be understood in the broadest possible 
5 sense. Be it articles of furniture for private dwellings, 
institutions, hospitals, health centres, dental clinics, 
seats for vehicles, etc. The use of the actuator, how- 
ever, is not limited to this, as it may also be used in 
machines, implements, process equipment, and in build- 
10 ings, e.g. to open windows, doors. 

V 

The actuator is here illustrated with a tube shaft and 
with in-line motor and transmission, but it will be ap- 
preciated that the embodiment may be adapted as desired. 

15 For example, the motor may be arranged axis-parallel with 
the planetary gear, and the transmission may be arranged 
in the vertical plane at the end of these. The whole may 
then be encapsulated in an almost quadrangular housing. 
It is also evident that the actuator may be provided as 

20 indicated in fig. 3 in a short tube member in which an 
end cover is mounted at the end thereof. 
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Patent Claims: 



1. A rotary actuator, in particular for adjustable ar- 
5 tides of furniture, including beds or mattress supports, 
for incorporation in a structure for adjustment of an 
element in it, e.g. adjustment of a backrest section (2) 
and/or legrest section (4) in a bed or mattress support, 
said actuator comprising 

an electric motor (20) which is connected by a drive 
shaft to 

a transmission which is in turn connected by a power 
15 take-off to 

a planetary gear (25) with 

a sun wheel (54) connected with the power rake-off of the 
20 transmission, 

first and second internally toothed outer rings (49) 
which are rigidly interconnected (47) and have the same 
toothing, 

25 

an internally toonhed intermediate ring (50) positioned 
between th'e firsr and second outer rings so that it can 
rotate about its axis relative to the outer rings, 

30 a plurality' of planet wheels (51) in engagement with the 
two outer rings (49) and the intermediate ring (50) as 
well as the sun wheel (54), and 
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wherein the intermediate ring (50) has a mounting bracket 
(11) for connection with one part of the structure, and 

wherein the outer rings (49) or their rigid connection 
5 has a mounting bracket (12) for connection with the other 
part of the structure. 

2. An actuator according to claim 1, character- 
ized in that the planet wheels (51) have the same 

10 toothing at the two outer rings and at the intermediate 
ring, and that the outer rings (4 9) have smaller number 
of teeth than the intermediate ring (50) . 

3. An actuator according to claim 2, character- 
15 i z e d in that the planet wheels (51) have the same 

cross-section over their entire length. 

4. An actuator according to claim 2, character- 
ized in that the outer rings (4 9) have a number of 

20 teeth smaller than the intermediate ring (50) correspond- 
ing to the number of planet wheels (51) . 

5. An actuator according to claim 3, character- 
ized in that the outer rings have 41 teeth and the 

25 intermediate ring 45 teeth, and that four planet wheels 
are provided. 

6. An actuator according to claim 5, character- 
ize d - in that the planet wheels have 16 teeth and the 

30 sun -wheel 11 teeth. 

7. An actuator according to claim 1, character- 
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i 2 e d in that the sun wheel (54), seen in the longitu- 
dinal direction of the actuator, is arranged m the 
centre of the planetary gear. 

5 8. An actuator according to claim 1, character- 
ized in that the two outer rings (49) are provided in 
or as a common housing (47), 

9. An actuator according to claim 1, 2 or 3, char- 
10 acterized in that the two oute^ rings are made 
as two parts," and wherein the faces of the parts directed 
toward each other are formed with a pattern of 
male/female parts engaging each other. 

15 10. An actuator according to claim 8, charac- 
terized in that the two outer rings are made of 
plastics, preferably as a single part, and that the 
toothed rims of the two outer rings are formed as inserts 
of sintered metal, preferably secured by a splined con- 

20 nection. 

11. An actuator according to one of claims 1-5, 
characterized in that the ends of the 
toothed rims facing each other are formed with cooperat- 

25 ing stepped arrangements (79), expediently as - a single 
step, in that the toothed rims have an internal step at 
one end and an external step at the other end. 

12. An actuator according to one of claims l-€, 

30 characterized in that the two ourer rings 
(4 9, 50) and the intermediate ring are provided with 
their respective arms (11, 12) for connection with the 
movable part and the stationary part, respectively, of 
the structure in which they are to be incorporated, 
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wherein the arm of the two outer rings is preferably of a 
plate member mounted on the outer end * of the external 
outer ring, and wherein the arm of the other outer ring 
is likewise preferably formed by a plate, wherein the 
5 toothed rim itself is provided as a sintered metal insert 
inserted into a recess in the plate material. 

13. An actuator according to claim 7, charac- 
terized in that the arm of the other outer ring 

10 consists of two relatively thin plates with flared edges 
and hole riirf and assembled with the plahe sides toward 
each other, and wherein the flared hole rim serves as a 
guide for the insert of sintered metal, and wherein arm 
and insert are mutually fixed preferably with a splined 

15 connection. 

14. An actuator according to any one of the preceding 
claims, characterized in that it is made or 
essentially made of sintered metal. 

20 

15. An actuator according to any one of claims 1-14, 
characterized in that the motor (20) and the 
transmission (21) are in-line with the planetary gear, 
i.e. the pull shaft of the motor and the power take-off 

25 of the transmission are in extension of the sun. wheel of 
the planetary gear. 

16. An actuator according to claim 1, charac- 
terised in that the transmission is formed by a 

30 number of planetary gears (80, 81, 82) coupled together. 

17. An actuator according to claim 1, charac- 
terized in that the transmission comprises a worm 
drive with a worm (26) and at least one worm wheel (29), 
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wherein the worm is driven by the motor shaft, and 
wherein the worm wheel drives a bevel wheel (30), which 
in turn drives a crown wheel (33) with a power take-off, 
preferably in the form of a sun wheel (35) in a subse- 




quent planetary gear. 



18. An actuator according to claim 1, charac- 
terized in that it is incorporated fully or partly 
at the end of a tube (10), preferably of polygonal cross- 

10 section, preferably quadrangular cross-section. 

V 

19. An actuator according to claim 18, charac- 
terized in that the tube is of extruded aluminium 
at least with screw channels at the corners. 

15 

20. An actuator according to claim 18 or 19, char- 
acterized in that the planetary gear is posi- 
tioned against the end of the tube and secured to it. 

20 21. An actuator according to claim 20, charac- 
terized in that the outer rings are formed with 
screw holes for screw attachment of the actuator in the 
screw channels of the aluminium profile. 

25 22. An actuator according to claim 18, c h a r a c - 

z e r i' z e d in that the planetary gear is positioned 
within the* end of the tube, and that the mounting bracket 
of the intermediate ring is formed as a carrier in en- 
gagement- with the profile. 

30 

23. An actuator according to claim 19 or 20, char- 
acterized in that the end of the tube opposite 
the actuator is provided with a mounting bracket: corre- 
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sponding to the mounting bracket on the outer ring of the 
planetary gear. 

24. An actuator according to claim 18, c h a r a c - 

5 terized in that an actuator is provided at both 
ends of the tube, and that these are driven synchro- 
nously. 

25. An actuator according to claim 1, charac- 

10 terized in that the intermediate ring is provided 
;;u with a cam (10 9) having a cam face which Vcooperates with 

O at least one switch (100) for controlling the electric 

O 

ipl motor. 

m 15 26. An actuator according to claim 12, c h a r a c - 

W terized in that it comprises an activation pxn 

jp (103), preferably parallel with the axis of the planetary 

W qear, which is spring-loaded (104) such that an end of 

P the pin is in engagement with the cam, whose cam face is 

G? 20 perpendicular to the axis of the planetary gear, said pin 
being additionally connected to at least one switch. 

27. An actuator according to claim 13, c h a r a c - 
terize'd in that it comprises two end stop switches 

25 (101, 102) which are activated by the pin. 

28. An actuator according to claim 14, charac- 
terized in that it comprises a leaf spring (107) 
which rests on the activation means of the end stop 

30 switches, and that the leaf spring is secured to the ac- 
tivation pin via a rocker arm, so that the leaf spring 
activates one switch when the pin is in one position and 
the other switch when the pin is in the other position. 
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29. An actuator according to claim 1, charac- 
terized in that it comprises a coil spring (120) 
which is fixed with one end and wound around a cylindri- 
cal element with a plurality of windings and arranged 

5 such that the spring allows free rotation or substan- 
tially free rotation in one direction of rotation of the 
element, but applies a braking force in the other direc- 
tion of rotation of the element so that the actuator is 
self-blocking. 

10 

30. An actuator according to claim 1, charac- 
terized in that it comprises an activatable coup- 
ling for uncoupling of the intermediate ring or the outer 
rings . 

15 

31. An actuator according to claim 28, charac- 
terized in that the coupling is formed by a coil 
spring (148) . 

20 32. An actuator according to claim 28 or 29, char- 

acterizea in that the coupling force is adjust- 
able for controlled return of the actuator. 

33. An actuator according to claim 18 or 19, char- 
25 acterizec in that the power supply and the con- 
trol electronics are incorporated in the tube, preferably 
in a cabinet (70) constructed for insertion into the tube 
end opposite the actuator. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
15 March 2001 (15.03.2001) 




PCT 



IIII 



11 



(10) International Publication Number 

WO 01/17401 Al 



p 



(51) International Patent Classification 7 : A47C 20/18 

(21) International Application Number: PCT/DK00/00484 

(22) International Filing Date: 

4 September 2000 (04.09.2000) 



(25) Filing Language: 

(26) Publication Language: 



Danish 
English 



(30) Priority Data: 

PA 1999 01230 2 September 1999 (02.09.1999) DK 
PA 2000 00534 31 March 2000 (31.03.2000) DK 

(71) Applicant (for all designated States except US): LINAK 
A/S [DK/DK]; Smedevaenget 8, Guderup, DK-6430 Nord- 
borg (DK). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JACOBSEN, Finn 
[DK/DK]; Solsikkevej 11, Havnbjerg, DK-6430 Nordborg 
(DK). ABRAHAMSEN, John [DK/DK]; Strelbergvej 14, 
0sterholm, DK-6430 Nordborg (DK). 



(81) Designated States (national): AL, AM, AT, AT (utility 
model), AU (petty patent), AZ, BA, BB, BG. BR, BY, 
CA, CH, CN> CU, CZ, CZ (utility model), DE. DE (utility 
model), DK, DK (utility model), EE, EE (utility model), 
ES, H, FI (utility model), GB, GE, GH, GM, HU, ID, IL, 
IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RCX RU, 
SD, SE, SG, SI, SK, SK (utility model), SL, TJ, TM, TR, 
TT, UA, UG, US, UZ, VN, YU, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the ''Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: ROTARY ACTUATOR, ESPECIALLY FOR ADJUSTABLE FURNITURE, INCLUDING BEDS AND BOTTOM FOR 
BEDS 



O 



(57) Abstract: A rotary actuator, in particular for adjustable articles of furniture, including beds or mattress supports, for incorpora- 
tion in a structure for adjustment of an element in it, e.g. adjustment of a backrest section and/or leg-rest section in a bed or mattress 
support, said actuator comprising an electric motor (20) which is connected by a drive shaft with a transmission (2 1 ), which is in turn 
connected by a power take-off with a planetary gear having a sun wheel (54) connected with the power take-off of the transmission, 
first and second internally toothed outer rings (49) which are rigidly interconnected and have the same toothing, an internally toothed 
intermediate ring (50) positioned between the first and second outer rings so that it can rotate about its axis relative to the outer rings, 
a plurality of planet wheels (51 ) in engagement with the two outer rings and the intermediate ring and the sun wheel, and wherein the 
intermediate ring has a mounting bracket ( 1 1 ) for connection with one part of the structure, and wherein the outer rings or their rigid 
connection has a mounting bracket (12) for connection with the other part of the structure. A strong and comparatively noiseless as 
well as relatively inexpensive rotary actuator may be provided hereby. It may be constructed with a jamming protection arrangement 
and emergency lowering function. 
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the United States Code and that such willful false statements may jeopardize the validity of the application or any patent 
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